This paper presents data from an online survey carried out in Mexico from 2012 to 2014. The survey focussed on the risk to Mexico City from Popocatépetl, an active volcano 60 km from the city. During the time period, volcanic activity was variable, and the alert level changed accordingly. The survey showed that people surveyed at the higher alert level were generally more concerned about the volcano. Since these people were measured separately from those who responded at the lower alert level and yet self-reported on the same scale as more concerned, this provides a useful indicator that the raised alert level may be associated with higher risk perception, and that alert level systems act as boundary objects in the translation of scientific information. In general, trust in various groups was most strongly explained by the perceived knowledge of the groups, followed by their perceived motivation (whether or not they are viewed as working in society's interest), with accuracy a tertiary concern. Some respondents were anxious about false alarms-these people also tended to be concerned about scientific accuracy while those who favoured precaution tended to be more trusting. The perceived effectiveness of warning and evacuation plans was also a significant predictor for trust in official groups. In general, the results suggest that there are important links between trust, warning plans and the perceived motivation of particular groups as well as between trust and perceived knowledge.
Introduction
Previous studies have found differences in risk perception according to gender, religious belief, experience of previous hazards and distance from the volcano (Chester et al. 2008; De la Cruz-Reyna and Tilling 2008; Haynes et al. 2008; López-Vázquez 2009; Newhall and Punongbayan 1996) . Perceived risk affects the impact of risk communication, and a key challenge for scientists and decision-makers during volcanic events has been to communicate effective warnings that change behaviour (Perry and Lindell 2008) . A range of approaches to this have been proposed, including warning systems (De la Cruz-Reyna and Tilling 2008; Fearnley and Beaven 2018) and the engagement of trusted groups or individuals in the process (Haynes et al. 2008) . Understanding how people decide to place trust in particular groups or individuals during volcanic crises is important in ensuring effective communication strategies. It also enables the formation of holistic plans to engage with the community in advance of an emergency, to empower communities to act and to identify their vulnerabilities (Alcántara-Ayala 2004) .
It has long been recognised that public trust in risk communicators, and in the management and regulation of hazards, Editorial responsibility: C. Bonadonna
Electronic supplementary material The online version of this article (https://doi.org/10.1007/s00445-018-1218-0) contains supplementary material, which is available to authorized users. has important implications for people's perceptions of risk and their readiness to take precautionary action (see Eiser et al. 2012 for a review within the context of environmental risks; see also Cvetkovich and Lofstedt 1999; Eiser et al. 2002; Renn and Levine 1991; Siegrist and Cvetkovich 2000; Slovic 1993 ; Van der Pligt 1992) . The present research and selection of dependent measures is based on a theoretical framework termed the intuitive detection theorist model by White and Johnson (2010) (see also Eiser 1990; White and Eiser 2007) , which comprises the following features.
Firstly, a key element of risk perception is a judgement under uncertainty of how safe or dangerous a particular hazard may be; in other words, a discrimination between potential danger and safety. Applying a distinction derived from signal detection theory (Swets 1973) , the quality of any such judgement can be characterised in terms of two parameters: (a) sensitivity or discrimination ability (i.e. overall accuracy) and (b) bias, or the use of a decision criterion resulting in either riskier or more cautious decisions, as revealed by the relative proportions of false negative and false positive errors. Crucially, there is no absolute answer to the question of what constitute a 'good' decision criterion: it depends primarily on the benefits and costs, actual and/or perceived, of different outcomes. For example, if a 'false alarm' is seen as less costly than failure to warn the public before an actual eruption, this is likely to motivate decision-makers to adopt a more precautionary criterion (Woo 2008) . Recent research has linked such biases towards risk or caution to principles of experiential learning and approach-avoidance behaviour (Eiser and Fazio 2008; Fazio et al. 2004) as well as to more general individual differences in personality and motivation (Fazio et al. 2015) . Secondly, we very frequently need to rely on other people's judgement of risk in order to make appropriate choices under uncertainty. This raises the question of how much these other people (e.g. risk communicators or managers) and their judgments are to be trusted (Sjoberg 2008; White and Johnson 2010) . Trust is conceptualised as a social judgement involving implicit assessment of (a) how accurately such risk communicators can discriminate danger from safety (discrimination ability), (b) their tendency to interpret risks as more or less dangerous (response bias) and (c) their propensity to be open and honest with the public about events (communication bias) (Eiser et al. 2012) . Just as response bias may reflect benefits and costs of potential outcomes, perceived communication bias may be influenced by suspected vested or commercial interests on the one hand or by social affinity between communicators and the public on the other (Eiser et al. 2012; White and Eiser 2006) . This framework has been shown to predict both levels of trust in particular communicators, and relative preferences between different information sources or agencies, in relation to a variety of environmental, industrial and medical risks Eiser et al. 2007; Eiser et al. 2009; White et al. 2011 ).
Several studies have addressed the issue of early warning in risk reduction (Garcia and Fearnley 2012; Leonard et al. 2008; Mileti and Sorensen 1990; Sorensen 2000) , particularly with reference to the challenges of avoiding so-called 'false alarms' (Dillon and Tinsley 2008; Tinsley et al. 2012 ). This concern among volcanologists emerged into prominence following the phreatic eruption of La Soufrière de Guadeloupe in 1976, when an evacuation took place at great economic cost but no magmatic eruption occurred (Tazieff 1977) . Hincks et al. (2014) provided an analysis based on a Bayesian belief network that indicated that, given the state of knowledge at the time, the evacuation in the 1976 crisis was justified. While subjective probabilistic methods such as this are important in aiding scientific risk assessment, there are also implications for risk communication and risk perception-particularly as the communication of probabilistic values is challenging Doyle et al. 2014; Gigerenzer et al. 2005) . It is useful, therefore, to understand public attitudes towards uncertain information, particularly in terms of potential outcomes. Such information is likely to be context-sensitive and not universal (Garcia and Fearnley 2012) .
Volcanic alert levels, like that in Fig. 2 for Popocatépetl, provide important communication tools for volcanologists and are widely used (Fearnley and Beaven 2018) . As in other hazard domains, alert level systems are boundary objects: they allow communication across the 'boundary' between science and society (Star and Griesemer 1989) and may serve different functions on each side. They may also be used to order that boundary by reconciling the uncertainty of science with its authority and providing s o m e l i n e a r i t y t o t h e b o u n d a r y ( D o n o v a n a n d Oppenheimer 2014; Donovan et al. 2012; Donovan and Oppenheimer 2015; Gieryn 1983; Shackley and Wynne 1996) . In volcanic contexts, they are used in a variety of ways but typically have a major role in communication . Understanding how individual systems function as communicators in particular contexts is thus significant.
In 2012-2014, we conducted a risk perception survey concerning Popocatépetl. Data collection was carried out using Internet advertisements on the University of Mexico (UNAM) and Centro Nacional de Prevencion de Desastres (CENAPRED) websites. The survey was designed to analyse local people's perceptions of the risk, their views about the reliability of sources of information and the reasons behind those views. They were also asked about the effectiveness of warning plans, likely consequences of eruptive activity, and their views about precaution and false alarms. The aim was to investigate the roles of trust and precaution in perception of risk and to identify links between trust and perceived bias, accuracy and motivation.
Background
Popocatépetl is a stratovolcano approximately 60 km from Mexico City (Fig. 1) . It has been persistently active since 1994, with intermittent explosive activity. In December 2000, 41,000 people were evacuated for several days due to heightened activity (De la Cruz-Reyna and Tilling 2008). The volcano is monitored by the UNAM in collaboration with the disaster prevention agency of Mexico (CENAPRED). A three-tier alert level system is in place, with several stages in each tier-shown in Fig. 2 (De la Cruz-Reyna and Tilling 2008). The alert level system is managed by the CENAPRED in collaboration with the civil protection, scientific advisory committee and government offices. During 2012-2014, the alert level changed between yellow phase 2 and yellow phase 3. A timeline of the eruptive history during the period covered by this paper is given in Table 2 . Popocatépetl has a long history of eruptions throughout the time of human habitation in the region (Plunket and Uruñuela 2006; Siebe and Macías 2006) , ranging from mild to moderate VEI 1-4 eruptions in recent years to VEI 5-6 eruptions over much longer timescales (Boudal and Robin 1989; De la CruzReyna and Tilling 2008; Plunket and Uruñuela 2006) . The history and understanding of the volcano have evolved significantly in recent decades, while the population has increased to over 20 million (De la Cruz-Reyna and Tilling 2008) .
Several recent studies have examined aspects of risk perception and management at Popocatépetl during the ongoing eruptions (De la Cruz-Reyna and Tilling 2008; López-Vázquez 2009; López-Vázquez and Marván 2012; López-Vázquez et al. 2008; Tobin et al. 2007; Tobin et al. 2011 ). Long-lasting volcanic eruptions are a particular challenge for scientists, civil protection and populations. Such eruptions can involve rapid changes in volcanic activity that place considerable pressure on decision-makers (De la Cruz-Reyna and Tilling 2008). In areas of high population density, this Crosweller et al. 2012) challenge is particularly acute as the level of risk fluctuates, population response can struggle to keep up and people can become either paralysed by fear or complacent as they become used to the risk. Tobin et al. (2011) found differences in risk perception between sites with chronic hazard from Popocatépetl and those with acute (i.e. short-term) hazard from landslides (unrelated to volcanic activity but also in Puebla state), noting that perceptions of risk from the volcano were generally lower. Attitudes to the volcano are not necessarily negative; many respondents viewed the volcano as having positive impacts on their lives (Tobin et al. 2007 ).
Methods

Survey design
The survey was designed to investigate the perceived hazards and risks from Popocatépetl and the trust of the respondents in different groups. Initially, demographic data were requested. The information included age, gender, level of education, job and the distance that the respondent lived from the volcano. They were also asked how long they had lived close to the volcano. They were then asked questions about volcanic hazards (asking separately how likely the hazards were to occur and how far they might travel), forecasting and risk management and their beliefs about eight specific groups (see Table 1 for groups). These questions are summarised in Table 1. The survey was targeted at adults of all ages.
The survey was derived from previous work Eiser et al. 2015) and had been pretested as part of that work. Ethical approval was obtained prior to commencing the research. The survey was administered in Spanish. Its primary purpose was to understand relationships between risk perception, trust, perceived motivation and decision-making. As such, we focussed on the distance from the volcano (for statistical power) rather than mapping the locations of respondents. Future work will examine spatial variations in risk perception around the volcano at closer proximity to the crater. Fig. 2 The volcanic alert level system at Popocatépetl (source: CENAPRED). In English, the main text reads as follows: normal (green), stay informed, know evacuation routes, meeting points and shelters; alert (yellow), be aware and prepare for a possible evacuation; and alarm (red), there is danger. You and your family should be ready to evacuate. See ESM for full English translation
Sampling methods
The survey was initially advertised on the UNAM website and then also on the CENAPRED website: it was a convenience sample. This means that it targeted respondents who have a particular interest in volcanic risk, and therefore, the sample is not likely to be fully representative of the population in general. However, it does represent some people interested and engaged with the issues. Such people may well include many opinion formers in the community and those who become particularly engaged during an emergency. The sample is also limited to those with Internet access and so may miss a substantial portion of the population, especially in rural areas. The National Institute of Statistics and Geography state that 68.5% of Mexican citizens who use the Internet are under 35, and 47% of households across Mexico have an Internet connection. Those who do tend to be more educated and to use the Internet as a means of communication (IGEPN 2017) . We discuss these possible biases further in the BResults^section but note here that while it may affect the mean values for variables and how they are interpreted, it does not affect structural results (of correlations, etc.) and therefore does not impact the objectives of the study in analysing trust and warnings. During periods of high volcanic activity, the response To what extent do you agree with the following statements? (We must make offerings to the volcano so that it does not erupt; If we show respect to the volcano, it will not erupt; we must pray that the volcano does not erupt) 7-point scale; 1 = strongly disagree; 7 = strongly agree rate to the survey increased significantly (Table 2 ). Since the survey was of long duration, it is possible that other temporal factors affected perceptions as well as those covered in the results. However, the survey was very clearly referring to volcanic risk from Popocatépetl and we would assert that such influences are likely to be minor. We did check the IP addresses of respondents to ensure that no one took the survey multiple times.
Statistical methods
Initially, the demographic data were assessed for normality and multicollinearity. There were significant correlations between some of the variables, including, for obvious reasons, age and time living near the volcano. Care was taken in further analysis to take such intrinsic correlations into account. Since many of the variables violated normality assumptions, nonparametric tests were used to assess the dataset in more detail (Field 2000) . Differences between groups (for variables such as level of education, gender and alert level) were assessed using the Mann-Whitney U test and the Kruskal Wallis nonparametric ANOVA (H). These methods rank the medians of each variable in each class and look for significant differences. The U test is a non-parametric equivalent of an unpaired t test (Field 2000) . Results for any significant U tests are provided with standardised statistics (z values) to aid interpretation. The z score standardises the result to a normal distribution with a standard deviation of 1 and a mean of zero.
Correlations between scale variables were assessed using Spearman's correlation coefficient (ρ, below), since this is appropriate for non-parametric data. Where multicollinearity was suspected, partial correlations were carried out using Pearson's test (reported as R, below). The chi-square test was used to examine relationships between categorical variables. Finally, hierarchical regression was carried out.
Correlations that were statistically significant are reported. Others are reported if relevant. While the value of the correlation coefficient measures the magnitude of the relationship, the p value indicates whether or not, in a dataset of this size, the relationship is significant. The p value is the probability that the correlation would occur if there was no relationship between the variables. This is important because it takes into account the size of the dataset as well as the relationship between the variables in large datasets, and there is potential for wide variation. Correlations with a p value < 0.05 are typically considered significant, and those with p < 0.01 or 0.001 are highly significant.
A list of question types and the scales used to assess them are shown in Table 1 . In addition to the measured variables, several additional variables were computed, following reliability analysis. These are shown in Table 3 , with appropriate reliability scores. Cronbach's alpha score was used to assess the reliability: whether or not all the items in the new variables are measuring the same thing. It does this by calculating the covariance matrix between the variables and looking at the variance within each variable to assess whether or not the variables are measuring similar things:
In this equation, s 2 is the variance, cov is the covariance and N is the number of items on the scale. There is debate about the value of alpha that indicates a reliable scale, particularly as the value is influenced by the number of items on the scale and the context of measurement is also important (Field 2000) . For studies such as this, a value of 0.7 is thought to indicate a good level of reliability (Cortina 1993), though some authors suggest that lower values would be adequate.
These combined variables are calculated to allow us to investigate whether there are predictors that might explain why some people are generally more trusting than others, for example. The strong correlation between responses to all the groups within a category (represented by high α in Table 3 ) suggests a degree of anchoring: those who generally trust one group also give high values for the other groups relative to other respondents. Averaging the variables means that we can explore some of these factors as well as the predictors for trust in individual groups.
Finally, a number of other codes were used. Nationality was coded numerically. Gender was coded as zero or one. Job and level of education were coded numerically. The time at which the survey was completed allowed for a code for volcanic alert level to be computed for each respondent. During the period of the eruption, the alert level oscillated between 'yellow phase 2' and 'yellow phase 3'.
Results
Sample
The survey was completed by 402 respondents over the research period. The average age of respondents was 36 (sd = 15), 57% were male and 95% were Mexican citizens. In terms of occupation, 49% were employed full-time, 30% were students, 7% worked part time, 6% were housekeepers, 5% were unemployed and 3% retired. In total, 56% considered that they lived close to the volcano, and of these, 90% lived within 100 km and 55% had lived close to the volcano for more than 20 years. Only 3% lived within 10 km of the volcano, and 26% lived within 25 km. Demographic data from the National Institute of Statistics and Geography suggests that the median age of Mexicans in this region is 33 (but we excluded children from the survey-accounting for this gives a median in the age bracket 35-39). The data is slightly biased relative to the gender of respondents, since there are slightly more women than men in this region. The employment data are representative, but data are not available for other categories (such as students or housekeepers). The spatial representation of the survey respondents, based on distance and the fact that many of them wrote down their hometowns, allowed us to test for differences between 37 residents of the Distrito Federal and 25 residents of Puebla town, and there were no significant differences. During the time of this study, the dominant plume directions in summer and autumn were broadly to the west, northwest and southwest, and in spring and winter to the east, northeast and southeast (with short-lived exceptions), so most of the populated areas close to the volcano (in all directions) experienced periodic ashfall. Ashfall events were relatively rarely recorded in major metropolitan areas. There were some larger explosions in early July 2013 that sent ash as far as Mexico City (NW), and an event on 7 March 2013 sent ash to Puebla to the east (though no one answered the survey on this date). On 13 April, ashfall was recorded around Puebla. Airport disruption also occurred in both Mexico City and Puebla in July 2013. The weather patterns and the patterns of ashfall reports suggest that the plume drifts over most of the region over the course of a year. Furthermore, the vast majority of respondents lived further than 20 km from the volcano and less than 100 km and would not suffer significant impacts from activity of the magnitude experienced during most of the period 2012-2014. This is also consistent with new hazard maps published by the CENAPRED in 2016, which suggest that there is no single prevailing wind direction, that most areas between 20 and 100 km from the volcano (90% of respondents) are subject to ashfall and that therefore almost all respondents to this study would see minor ashfall at times.
1 More than 50% of respondents are within 40 km of the crater, and at this distance, there is no directionality at all. It is likely, therefore, that almost all respondents have experienced some level of ashfall, and that distance, rather than direction, is a greater influence.
The survey sample was obtained over a period of 565 days, and the temporal evolution of the sample was assessed. The majority of responses (70%) were received between 200 and 300 days after the onset of the survey. For 42% of responses, the volcanic alert level had been set at 'yellow phase 2', and for the remaining 58%, it was set at 'yellow phase 3'. The rate of response during phase 3 alerts was higher than that at phase 2, perhaps because of a larger number of people accessing the CENAPRED website for information about the volcano. The demographic of people accessing the survey at the two alert levels did not show significant differences for age, distance from volcano, time spent near the volcano, level of education or gender. However, during alert level 3, more people who were identified as housekeepers took the survey.
Hazard, frequency and concern about eruptions
Most of the respondents regarded all of the hazards as relatively likely (Table 4) , though there was some variationlower values show the most likely hazards as perceived by respondents. Further uncertainty is detectable in the estimates of the size of areas likely to be affected by each hazard (Table 5) : the lower values of N may suggest that many people were not comfortable with making this assessment at all, and the standard deviations are all higher than the mean values, showing that there was a very wide range of assessments. Concern about the volcano was generally skewed towards 'extremely concerned' (M = 4.5, sd = 1.8, N = 392). This is unsurprising, since the survey was advertised on a website most likely to be frequented by those concerned about the volcano. This variable correlated with all of the hazard likelihoods except ash and gas and also correlated with expected length of pyroclastic flows (ρ = 0.14, p < 0.01). It also correlated with expectations about the need for temporary (ρ = 0.26, p < 0.001) or permanent (ρ = 0.27, p < 0.001) evacuations and with expectations about damage (ρ = 0.27, p < 0.001) and loss of life (ρ = 0.23, p < 0.001). People who were very concerned were also more likely to favour precaution (ρ = 0.23, p < 0.001) and be less worried about false alarms (ρ = − 0.12, p < 0.05).
Concern about the volcano also showed significant test results based on the alert level at the time that the respondent filled in the survey (Fig. 3) . Respondents who filled in the survey when the alert level was 'yellow phase 2' tended to be less concerned than those who filled it in when the alert level was 'yellow phase 3' (U = 22,927, z = 3.95, p < 0.001). Ashfall was recorded in urban areas during both alert levels, and so it seems likely that this effect is linked specifically to the alert level and not to the volcanic activity itself.
From the demographic variables, people who lived closer to the volcano were more likely to regard gas emissions as unlikely (ρ = − 0.17, p < 0.01) but think that ash could travel further (ρ = 0.24, p < 0.001). They were also more likely to regard evacuation plans and warning plans as less effective (ρ = 0.87 and 0.24, p < 0.001) and think that temporary evacuations would not be necessary (ρ = 0.20, p < 0.01). They were also more likely to be concerned about false alarms (ρ = − 0.18, p < 0.01). Older people tended to regard eruptions as more frequent (ρ = 0.18, p < 0.01) and regard ash and lava as travelling further from the volcano (ρ = 0.20 and 0.13, p < 0.01, 0.05).
Forecasting variables
Older people tended to think that forecasting eruptions on a yearly basis was more difficult (ρ = 0.128, p < 0.05)-possibly because they had lived close to the volcano for longer (this variable correlated with the age variable, ρ = 0.165, p < 0.05). This might imply that longer experience on the volcano had given them greater awareness of the challenges. There were negative correlations between age/time close to the volcano and some of the knowledge, accuracy and trust variables- Note that the standard deviation for ash dispersion is influenced by the extensive range of this variable (3 to 20,000 km) Fig. 3 Boxplot showing the distributions of the concern level variable at different alert levels although not with perceptions of the scientists in each of these categories. Those who thought it was very difficult to forecast eruptions tended to think that governments, friends and family and religious leaders know very little about the volcano, and also that forecasts made by governments, social networks and media would be inaccurate. They tended not to trust the governments or the media. These correlations are shown in Table 6 . It is notable that Cronbach's α for these two variables was low: people clearly distinguished between the two timescales-the variables were measuring different things, suggesting that people viewed long-term forecasting challenges as different to those from week to week. People who thought that forecasting was difficult also tended to think that plans for evacuation and warnings were ineffective (Table 6 ).
Impacts, evacuations and plans
Those who had lived close to the volcano for a long time tended to think property damage would be less serious (ρ = 0.19, p < 0.01) and regard eruptions as frequent (ρ = 0.18, p < 0.05). People living further away from the volcano were more likely to think evacuation and warning plans are effective [ρ = 0.28 (effectiveness of local warnings), ρ = 0.25 (effectiveness of wider warnings), ρ = 0.23 (effectiveness of evacuation plans); p < 0.001 for all variables]. These variables and the impact variables also showed clear correlations with perceptions about knowledge and accuracy of different groups, particularly official sources-scientists and governments.
Religion
Older people tended to be sceptical about making offerings to the volcano as a means of lessening its impacts (ρ = 0.12, p < 0.05)-they were less in favour of religious approaches to the volcano. During alert level 3, trust in religious leaders tended to be slightly higher (ρ = 0.12, p = 0.024, controlling for job because this demographic shifted with alert level, with more housekeepers taking the survey at level 3)-this was also the case for perceived knowledge and societal interests of religious leaders. These effects are relatively small but significant at the 5% level. There were a number of interesting correlations between the religion variables and trust. Those who were generally trusting also tended to give positive responses about making offerings to the volcano (ρ = 0.14, p < 0.01) and prayer (ρ = 0.15, p < 0.01). Retired people and housekeepers tended to agree that 'we should pray that the volcano does not erupt' (H = 21, p < 0.001).
Precaution and false alarms
In general, far more people advocated precaution (M = 6.41, sd = 1.34) than were anxious about false alarms (M = 3.70, sd = 1.90). Older people were more likely to be concerned about false alarms (ρ = 0.11, p < 0.05). People who were very concerned about the volcano in general tended to be less worried about false alarms and more positive about precaution (ρ = − 0.12, p < 0.05, and ρ = 0.23, p < 0.001). Concern with false alarms was also linked to a perception that scientists are 
Values in italics indicate significance < 0.01. All other values significant at 5% level not accurate (ρ = 0.17, p = 0.001). Those with lower levels of education tended to agree that unnecessary warnings do more harm than good (H = 14.448, p < 0.05). People who advocated precaution were more likely to think that damages would be greater from an eruption and that scientists are trustworthy and that scientists, friends and family and the governments all serve society's interests (Table 7) . Women were more likely to think that scientists and both national and local governments would either over-or underestimate the risk. Table 7 shows that there are strong associations between the statements and perceptions of the motives of various groups. In particular, people who felt that warnings should be issued also had charitable views about the altruism of authorities. This view was also associated with confidence in scientists' knowledge and accuracy (note that a low value for accuracy suggests that the group is unlikely to over/underestimate the risk, and so is accurate). Distrust in scientists' accuracy was also a factor in concern about warnings (statement 4). In other words, people who thought that scientific uncertainty is high were also worried about false alarms.
Trust
Confidence in religious leaders was higher during alert level 3 than alert level 2 (U = 18,726, z = 2.59, p < 0.01), however while trust in scientists was slightly lower in alert level 3 (U = 14,766, z = − 2.131, p < 0.05). The extent to which the news media were viewed as serving society's interest also varied between alert levels (U = 18,843, z = 2.313, p < 0.05): they were viewed as more altruistic at alert level 3. Women were less likely to trust the Mexican government (U = 14,113, z = − 2.17, p = 0.03). Trust in scientists, the governments and news media correlated with the perceived knowledge of scientists, while trust in each group correlated with that group's knowledge. This was also the case for perceived societal interest. For accuracy, this was the case for all groups except the news media.
The Kruskal-Wallis results show that people with primary level or no education were a little more sceptical about how much scientists know (H = 14.328, p < 0.05). Those with higher degrees tended to think that the news media were less knowledgeable (H = 14.827, p < 0.05).
Regression models
We carried out multiple regression on the dataset to investigate predictors of trust and then split the dataset by alert level (Table 8) . In all the models for 'all trust', the most powerful predictor was 'all know': the perceived knowledge of each group was strongly associated with trust. Perceived bias towards the interests of the society explained < 10% of the (1) too many warnings make people cease to take the situation seriously; (2) it is always better to be safe than sorry; (3) if there is any risk at all, the population should be warned;
and (4) warnings that turn out to be unnecessary do more harm than good. These statements were combined to create variables for 'precaution' and 'false alarms', for which results are given in the text. A double asterisk indicates significance at the 1% level, while a single asterisk indicates significance at the 5% level variance, as did plans and perceived accuracy. There was a slight difference between those who took part during alert level yellow 2 and those at alert level yellow 3: when the alert level was lower, the accuracy variable was excluded from the model and other variables added to the dataset. At alert level yellow 2, the religious variables explained a small amount of variance (2.8%). At level 3, planning became more important, with accuracy also included ( Table 8 ).
The data suggest that in general, trust is dependent on how much a group is perceived to know. However, the accuracy of a risk assessment is less important than whether or not it is regarded as serving society's interests. This is consistent with previous studies Eiser et al. 2009 ), which have shown that the perceived altruism of the source of an assessment is more important than the accuracy. The effectiveness of plans was also considered important.
Taking into account variations between the groups, we also carried out modelling for trust in each group with predictors suggested by correlations and previous work. These results are shown in Table 9 . In general, the predictors explain 40-50% of the variance. Knowledge was entered first, followed by societal interest and then the other predictors. Predictors explaining very small amounts of variance (< 1%) were removed from the model. The data show that the efficacy of warning and evacuation plans was a factor for scientists, governments and news media, while concern about the volcano was associated with friends and family and news media. Oddly, positive responses to the religion variables were associated with trust in social networks but not religious leaders, while both of these models also incorporated accuracy. Note that for scientists, societal interest was actually more important than perceived knowledge.
Regression analysis was also carried out for precaution, but there were no significant predictors. For the false alarm statements, separate regressions and a combined regression were carried out (because of the low Cronbach's alpha). Age was the only significant predictor for 'too many warnings make people cease to take the situation seriously', and this only explained 2% of the variance. For 'warnings that turn out to be unnecessary do more harm than good', the perceived accuracy of scientists was significant for 2% of the variance. For perceived impacts, the only significant predictor was level of concern about the volcano, and this explained 11% of the variance (β = 0.34, t = 4.64, p < 0.001). Splitting the dataset by alert level, there was a small effect for precaution: at alert level 2, scientists' perceived knowledge explained 5% of the variance, and at level 3, concern about the volcano explained 3% of the variance. Interestingly, for the 'warnings that turn out to be unnecessary…' statement, there were no predictors at level 2, but at level 3, scientists' accuracy explained 5% of the variance, suggesting that all of the effect in the dataset was at the higher alert level.
All regression analyses were assessed for multicollinearity using Durbin-Watson's statistic, the variance independence factor and eigenvalue diagnostics. There were no significant effects. Figure 4 shows a visual summary of the results.
Discussion
Concern about the risk
The results demonstrate that, in general, respondents who thought that the hazards from the volcano were more likely and greater in magnitude than others also tended to express concern about the volcano and perceive its impacts as greater than other respondents: the perceived hazard appears to relate directly to the perceived risk. The fact that this concern was greater during 'yellow phase 3' suggests that the alert level system may aid risk awareness among the population and contributes to the communication of risk. While this is not surprising and is part of the purpose of alert levels (Fearnley and Beaven 2018; Mileti and Sorensen 1990; Sorensen 2000) , the fact that it was independently measured in different participants over two different alerts is a strong indicator of effectiveness of the system in this context. Contributing factors to increased awareness include greater news media interest, additional advisories being sent out when the alert level is raised and more direct evidence of increased activity or unrest such as felt earthquakes, increased gas emissions and small explosions.
Proximity
There is also some evidence that residents who live closer to the volcano think that the potential consequences of an eruption are less significant, and trust evacuation plans less. Older people were more likely to think that the eruptions are (Surono et al. 2012) ). There was a lack of trust in evacuation plans in those living close to the volcano, which may also be the result of past poor experiences or adversarial relationships with local authorities. This is supported by the observation that people who lived closer to the volcano were more cautious about false alarms and about the potential impacts. Proximity to the volcano thus had a complex relationship with risk perception and perceptions of the authorities. A further study might fruitfully explore whether or not this relates to the administrative state of the respondents. Our survey did not ask for the township of respondents-we had this for 66 respondents and found no significant results, but a larger, in-country study might focus more tightly on the different states around the volcano. It may also be that plans for evacuation vary between Mexican states, and that this is an additional factor in trust. Tobin et al. (2011) noted some effects of economic conditions, which may also be a factor close to the volcano, since many of the areas closer to the volcano are less wealthy than areas closer to the metropolis of Mexico City (Coppola 2006) .
Trust
The precaution, false alarms and planning variables show significant relationships with some of the knowledge, accuracy and social interest variables. In general, the data suggest that people who are happy with the planning for an eruption tend to have greater respect for the knowledge, motivations and accuracy of the groups specified in the survey. The primary driver of trust in many of the groups was their perceived knowledge about the volcano, and the accuracy was generally less of an issue. It is interesting, however, that respondents during level 3 alerts were also slightly more likely to trust religious leaders, news media and friends and family. This can partially be explained by a slight demographic shift, housekeepers were more likely to trust these groups and they also tended to take the survey during alert level 3 (two out of 164 at level 2, 20 out of 229 at level 3). However, the increased level of concern in general at alert level 3-and the greater focus on accuracy of information-suggests that periods of raised alert do translate to greater awareness of risk and greater anxiety about the accuracy of information.
Despite the relatively small differences between alert levels, the perceived knowledge of the volcano was the most important factor in explaining trust, followed by the perceived motivation of the groups. There was some variation in the magnitude of the effect between different groups, with knowledge being particularly important in explaining trust in local government and the news media. The perceived effectiveness of plans was also a significant predictor of trust, particularly for the more 'official' sources of information about disasters, such as scientists, governments and news media-so people who feel safer in the hands of the authorities also tended to be trusting of those authorities.
It is also interesting that for scientists, perceived motivation was important and had a higher beta value than knowledge in the model. Trust in scientists was derived more from the view that they serve society's interest than from their perceived knowledge. Again, this is consistent with previous studies that have shown high effect for motivation as a predictor of trust . It is also consistent with studies of risk perception in Mexico for landslides, which also emphasise the importance of communication by groups that are perceived as altruistic (Alcántara-Ayala and Moreno 2016; Hernández-Moreno and Alcántara-Ayala 2017).
Precaution and false alarms: implications for warnings
Similar to previous studies , the results suggest some links between a tendency to favour precaution in warning populations and high levels of concern about risk. This is often a matter that is of great concern to volcanologists: when should warnings be issued? This anxiety is based on the notion that alarms can be 'false'. However, as noted in the BIntroduction^, Eiser et al. (2012) argued for an approach based on signal detection theory and arguing that warnings under incomplete knowledge are different (visualised in Table 10 ). People vary considerably in their response to uncertain information, as demonstrated by the results in this paper: some people prefer to be cautious and would like all available information, while others get irritated by information that distracts them or alarms them unnecessarily. Many alert level systems function as translators for this kind of information-in Iceland, for example, a 'state of uncertainty' may be declared when volcanic unrest is high. Alert levels function as boundary objects (Star and Griesemer 1989) : they seek to bring order to the science-policy encounter. Just as probabilities that are not zero or one cannot be falsified, so a tempered warning that emphasises uncertainty and lack of knowledge can aid communication in periods of unrest. This is particularly important because warnings can rarely function with the linearity that scientists would ideally like: scientists, decisionmakers and publics are social entities and cannot operate in isolation (Donovan and Oppenheimer 2014; Fearnley and Beaven 2018) .
The interpretation of warnings will vary between demographic groups and will depend on individual circumstances. This paper identified groups of people who are concerned about the volcano and its impacts and who consider scientists as generally trustworthy as favouring precaution, while those concerned about scientific accuracy were concerned about false alarms. This is not surprising and underscores that clear communication of warnings is important. The fact that the concern was greater during the higher alert level, though with a small effect, suggests that alert level systems have considerable and complicated social impact and are consistent with previous work in other hazard domains (Kalkstein and Sheridan 2007) . However, the emphasis in the results was on the importance of precaution-warning the public-rather than on the dangers of false alarms. 
